This paper assesses the spillover effects of the United States' unconventional monetary policy (i.e., quantitative easing programs adopted during 2008-2014) on the Asian credit market. With a focus on cross-border bank lending, we employed firm-level loan data with regard to the syndicated loan market and measured the international bank lending channel through changes in United States dollar-denominated loans extended to Asian borrowers. We found that the growth of dollar credit in Asia increased substantially in response to quantitative easing in the United States financial market. The results of this study confirm the existence of the bank lending channel in Asia and emphasize the role of credit flows in transmitting financial conditions. The paper also provides new evidence of cross-border liquidity spillover in the syndicated loan market. We found that the overall spillover effect was large but differed significantly in Asia by types of borrowing firms, financing purposes, and loan terms at different stages of the quantitative easing programs. The paper concludes with a discussion of relevant policy implications for the region.
INTRODUCTION
The enormous asset purchase programs recently implemented by the United States (US) Federal Reserve following the 2007-2009 global financial crisis (GFC) are unprecedented in modern US history. Over a 5-year period (2008) (2009) (2010) (2011) (2012) (2013) (2014) , the Federal Reserve's balance sheet (in US dollars) increased more than five-fold from below $800 billion to $4.4 trillion. These asset purchase programs are the main components of the so-called unconventional monetary policy adopted by the US Federal Reserve, when compared to traditional "interest-rate" policies. While the positive effect of this unconventional monetary policy on the recovery of the post-GFC US economy is generally agreed upon, a major point of debate and, to a certain extent, concern are its cross-border spillover effects on the rest of the world, and especially emerging market economies (Chen, Mancini-Griffoli, and Sahay 2014; Lim, Mohapatra, and Stocker 2014; Bowman, Londono, and Sapriza 2015; Morais, Paydro, and Ruiz 2015) .
It is well-known that Asian economies are becoming increasingly integrated with global financial markets, and the US market in particular.Thus, spillover effects are expected, and presumably exist in a number of formats and through a range of channels. A good understanding of the spillover effects on Asia is essential for an informed policy response in the region (Morgan 2011; Cho and Rhee 2013; Kawai 2015) .
A growing pool of literature on the international transmission of unconventional monetary policies has identified a set of theoretical channels of transmission and empirical evidence from regions across the world, including Asia. These conceptualized channels range from the exchange rate, to exports, financial markets, and monetary policy response (Bruno and Shinn 2003; Caruana 2013; Kawai 2015) . Empirically, spillover effects are established on (i) prices, such as the exchange rate and interest rates (both short-term and long-term); and (ii) quantities, such as exports and capital flows (Hausman and Wongswan 2011; He and McCaulay 2013; Wright 2014; Bowman, Londono, and Sapriza 2015) . This paper examines spillover effects on capital flows, specifically bank flows. In particular, we assess the bank lending channel as a means of transmitting the US unconventional monetary shock to the Asian credit market. A distinctive feature of the transmission mechanism is that international banks facing large shocks to their liquidity supply pass these fluctuations on to borrowing firms, irrespective of the firms' overall credit worthiness. For instance, it was found that the 1998 Russian default as a negative liquidity shock was transmitted to Peru through reduced bank lending by international banks (Schnabl 2012) . In addition, during the GFC, significant levels of bank credit withdrawals from emerging Asia demonstrated the recent Asian experience of the bank lending channel spreading external liquidity shocks in the region (Xu and La 2015) .
Adding to this conventional understanding of the role of banks in propagating global liquidity shocks, Bruno and Shin (2014) proposed a new element by linking exchange rates to changes in global liquidity. In their model of global bank behavior, easing financial conditions in the US causes upward pressure on local currency appreciation against dollars, which strengthens borrowers' balance sheet positions and therefore increases bank leverage. Empirically, Morais et al. (2015) found that expansive quantitative easing in the US is indeed associated with a higher supply of loans from European and US banks in Mexico.
The current study is focused on emerging Asia. We use dollar credit (i.e., loans denominated in US dollars) to capture the full scale of shock transmission to the Asian credit market. As liquidity carriers, US banks may play a direct role in transmitting US liquidity conditions to Asia through cross-border bank lending. Nevertheless, bank ownership fails to capture the full transmission because many intermediators indirectly facilitate the transmission. First, global banks headquartered in Europe have been found to serve as chief intermediators of dollar credit to Asia (Shin 2011; 2013) . They collect dollar funding from their foreign branches in the US market, then deploy the funding globally, including into the Asian market. While European banks were forced to retreat from Asia after the sovereign debt crisis hit the European continent, they have gradually been replaced by regional banks from Singapore and Hong Kong, China (Remolona and Shim 2015) . In addition, many local banks (e.g., in the Republic of Korea [henceforth, Korea] ) fund local lending by borrowing in the global wholesale market, which constitutes another group of intermediators.
Accordingly, compared to bank ownership, dollar credit identifies both direct transmission from US banks and indirect transmission from European global banks, Asian regional banks, and local banks as intermediators. It can be argued that some dollar credit may come internally from local dollar deposits; however, He and McCauley (2013) found that the region's foreign currency credit extension has grown faster than regional foreign currency deposits, implying that the region depends heavily on external sources to fund dollar loans. Meanwhile, it could be argued that some cross-border loans may be denominated in local currencies. Nevertheless, the "original sin" hypothesis remains relevant for most emerging Asian economies, as their external debts are typically denominated in foreign currencies. 1 This study uses firm-level loan data compiled from Thomson Reuters Loan Pricing Corporation's (LPC) DealScan. The database is widely known for its comprehensive coverage of the global syndicated loan market, which accounts for a substantial part (around 40%) of international banking activity in Asia.
To our knowledge, this paper is the first firm-level study of the spillover effects of US quantitative easing programs on the Asian credit market.
UNITED STATES QUANTITATIVE EASING PROGRAMS AND THE ASIAN SYNDICATED LOAN MARKET

United States Large-Scale Asset Purchasing Programs
The US economy fell into a deep recession following the sub-prime mortgage crisis and subsequent financial crisis of [2007] [2008] [2009] . Gross domestic product contracted continuously for 18 months from December 2007 to June 2009. Conventional expansionary monetary policies failed to turn around the largest economy in the world; instead, nominal interest rates were stuck in the infamous "zero lower bound." The US Federal Reserve responded by unprecedentedly adopting a series of large-scale asset purchasing programs, also known as quantitative easing programs, from late 2008. The first quantitative easing programs, which focused on the purchase of 1 The PRC authoritiesbegan promotingthe internationalization of the renminbi in early 2006. The set of policy initiatives implemented included the establishment of the dim sum bond (renminbidenominated) and the promotion of cross-border trade renminbisettlement. Nevertheless, the effects on the credit market remain contested.
government-sponsored enterprise debt and mortgage-backed securities, led the Federal Reserve's balance sheet to increase from below $800 billion on average, to more than $1.5 trillion (Figure 1 ). The second and third phases of the unconventional monetary policy (quantitative easing period [QE] 2 and QE3), which focused on long-dated government securities (QE2) and mortgage-backed securities (QE3), further expanded the Federal Reserve's balance sheet to $4.4 trillion. In total, the entire program increased the Federal Reserve's balance sheet more than five-fold over a 5-year period.
In December 2013, the Federal Reserve announced its decision to reduce the purchase gradually as the US economy steadily recovered. This decision was implemented in January 2014. Generally considered "tapering," this continued until the end of QE3 in October 2014. Source: This figure was constructed using monthly data from Federal Reserve Economic Data.
The Syndicated Loan Market in Emerging Asia
This study focuses on the effects of US quantitative easing programs on the loan market in emerging Asia, especially the syndicated loan market, which represents a substantial percentage (20%-30%) of international banking activities (Cerutti, Hale, and Minoiu 2014) . This share is potentially even larger in Asia. 2 Syndicated loans are loans extended to a borrower by a group of lenders, that is, a "syndicate." The amount of individual syndicated loans tends to be larger and the term thereof longer than that of bilateral loans (i.e., involving a single borrower and single lender). This market has experienced remarkable growth since the early 2000s due to the mutual benefits to 2 For instance, in 2013, outstanding foreign loans of ten Asian economies (see note under Figure 2 for country coverage, excluding Taipei,China) totaled $4.55 billion, according to the World Bank's Global Financial Development Database (under the category "loans from non-resident banks"). According to our calculations, in 2013, the sum of outstanding syndicated loans (denominated in US dollars, a useful proxy for cross-border loans) held by the same group of countries was $1.868 billion, 37% of the foreign loan amount. As detailed in section 4, we converted syndicated new deals (flow) to outstanding loans (stock) data. When calculated using this method, on average, syndicated loans accounted for around 40% of total cross-border loans in these ten Asian economies during 2009-2014. both lenders and borrowers. On one hand, syndication helps lenders overcome balance sheet constraints and diversify risks by limiting exposure to individual borrowers; on the other hand, borrowers are given access to a large group of lenders and accordingly reduced funding risks.
The following range of stylized facts can be observed about the Asian market over the past 15 years (2009) (2010) (2011) (2012) (2013) (2014) .
Fact 1: Among emerging economies, Asian borrowers represent the largest share in the syndicated loan market.
Compared with other emerging economies in Central and Eastern Europe and Latin America, emerging Asian borrowers topped the syndicated loan market (Figure 2 ). In terms of currency denomination, US dollar credit remains dominant, accounting for three quarters of the Asian market by the end of 2014 (Figure 3 ). Despite experiencing a mild "sudden stop" in 2008, and a subsequent slowdown during the GFC, its recovery has been strong and it almost regained its pre-crisis momentum in QE3.
The share of euro credit remained small over the observation period. In contrast, local currency loans increased rapidly, a trend overwhelmingly driven by the People's Republic of China (PRC) and Singapore since the GFC, and Malaysia and Hong Kong, China by a relatively smaller margin (Figure 4b ). Note: This figure shows outstanding syndicated loans (stock) aggregated for emerging economies in five regions. We converted new deals (flow) compiled from Thomson Reuters Loan Pricing Corporation's DealScan database to loans outstanding (stock). The conversion method is described in detail in section 3.2.
A comparison of dollar loans ( Figure 4a ) and local currency loans (Figure 4b ) suggests that dollar loans are considerably more volatile. They also seem to respond more swiftly to external factors such as the GFC and US quantitative easing programs. Figure 4a shows that dollar loans to a number of Asian countries stagnated during the GFC and subsequently increased sharply during QE1, whereas the scale of response varied in other Asian economies. The increasing trend continued through QE2 and QE3 when many forces came into play, including (i) the unfolding of the sovereign debt crisis in Europe during QE2, (ii) Japan embarking on its quantitative easing programs in the middle of QE3, and (iii) monetary responses gradually being put into place in many Asian economies. By contrast, the market for local currency loans is quite stable, except for in the PRC, Singapore, and Malaysia. A notable transition in the composition of borrowers occurred during the GFC (Figure 5a ). Before the crisis, financial and non-financial firms were both the main players in the market. Dollar loans to financial firms, generally banks, grew as quickly as dollar loans to non-financial firms. This changed permanently in the run-up to and after the crisis. While dollar lending to the non-financial sector more than doubled during the QEs, lending to financial firms slowed after the crisis and only recovered slightly during QE3. Nevertheless, its post-GFC peak accounts were less than one sixth that of the non-financial firms. Similar patterns are observed for local currency loans ( Figure 5b ).
Figures 5a (left) and 5b (right): Syndicated Loans to Asian Emerging Economies, by Currency Denomination and by Borrower Type
converted new deals (flow) compiled from Thomson Reuters Loan Pricing Corporation's DealScan database to loans outstanding (stock). The conversion method is described in detail in section 3.2.
Fact 5: The majority of dollar loans to emerging Asian borrowers are for mediumto long-term financing of future investment.
The majority (four fifths) of dollar loans to emerging Asian borrowers are medium-to long-term (>1 year) loans for financing future investment, that is, "physical investment" in a large sense (Figures 6a and 7a ). The primary uses of these credit lines include (i) general operations such as working capital and purchases, (ii) takeover or acquisition lines to acquire assets or a company, (iii) capital expenditure to acquire or upgrade physical assets, and (iv) project finance to finance a specific project.
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A small decline was seen in these credit lines during the GFC, followed by a steady recovery during the QEs. A similar trend is traceable for local currency loans (Figures 6b and 7b ).
However, short-term (<1 year) loans behaved differently (Figures 6a and 6b ). They are more volatile and responded more bluntly to shocks, whether that of the GFC or quantitative easing. In addition, while both short-term dollar loans and local currency loans were boosted by the quantitative easing shocks, the scale of dollar loans was much larger. Dollar loans for "financial investment" (including debt repayment and investment in financial assets) increased steadily despite the GFC ( Figure 7a ). Financial investment projects financed by local currency loans even outpaced those for physical investment after the GFC (Figure 7b ). Hence, the latest developments in short-term loans and loans for financial investment warrant special attention and further examination in the empirical analysis below.
Figures 6a (left) and 6b (right): Syndicated Loans to Asian Emerging Economies, by Currency Denomination and by Maturity
Note: This figure shows outstanding syndicated loans (stock) aggregated for emerging economies in five regions. We converted new deals (flow) compiled from Thomson Reuters Loan Pricing Corporation's DealScan database to loans outstanding (stock). The conversion method is described in detail in section 3.2.
Figures 7a (left) and 7b (right): Syndicated Loans to Asian Emerging Economies, by Currency Denomination and by Financing Purposes
Overall, dollar credit dominates and plays a leading role in the Asian syndicated loan market, in spite of the GFC. In the run-up to the crisis, dollar credit experienced high-speed growth, serving as a major external source of financing for both financial and non-financial Asian firms. After the GFC and quantitative easing periods, most dollar loans were channeled to non-financial firms for medium-to long-term physical investment. While dollar borrowing is predominantly longer term, short-term loans increased substantially after QE3, and there was also an upsurge in loans to finance investment in financial assets. The US quantitative easing programs seem to have facilitated the recovery of the syndicated loan market, which was hit mildly by the crisis. However, multiple forces of both demand and supply were in effect. In the following section, an augmented, fixed-effect, panel data model is used to examine the supply effect of the US quantitative easing programs on the Asian credit market.
METHODOLOGY
The Identification Strategy
The primary hypothesis of this study concerning the bank lending channel is that the US quantitative easing programs boosted the growth of dollar credit to Asia through cross-border lending. This could be a result of liquidity spillover or local currency appreciation. The classic identification challenge in empirical analyses of the bank lending channel is to separate the demand and supply effects. Not surprisingly, US quantitative easing programs affect both the demand from firms for bank credit and the bank supply of such credit. A simple example of this is that, if the Federal Reserve injects a large amount of liquidity, this is likely to increase credit growth domestically and credit outflow to Asian firms. At the same time, it will boost the US economy and its imports accordingly, leading to the recovery of Asia's export industry and increasing its credit demand.
However, the transmission of the US unconventional monetary policy through cross-border bank flows could be supply-driven, demand-driven, or (most likely) both. It is crucial to separate these effects to help design informed policy responses that target the source of the problems. For instance, a steady increase in cross-border loans driven by demand from non-financial firms in post-GFC Asia could be a positive sign of recovery for the global economy. However, a supply-driven credit boom invites valid concerns about excessive risk-taking and should be closely monitored and properly regulated, if necessary. Therefore, this study focuses on the supply side or the bank lending channel, which highlights the role of banks as loan suppliers in transferring shocks to their credit supply.
Because a change in loan volume reflects both demand and supply effects, the establishment of the bank lending channel requires that demand and supply effects be carefully separated. An augmented, fixed-effects, panel data model has been adopted to control for firm-specific, time-invariant, and time-varying credit demand effects. Essentially, we examine how credit to the same firm in the same year varies by different credit sources. In other words, the greater growth of dollar loans compared with that of local currency loans suggests the existence of the bank lending channel and its role in transmitting liquidity shocks.
An important underlying assumption is that the dollar liquidity supply responds to US monetary policy shocks, while the supply of local currency loans responds predominantly to local financial and economic conditions. If it responds to foreign monetary policy changes, it only does so slowly, via monetary policy response. This assumption generally applies to emerging Asian economies (Wu et al. 2011) . Hence, the immediate effects on dollar credit can reasonably be considered to capture the existence of the bank lending channel.
Another concern relates to the heterogeneous demand for dollar loans and for local currency loans. Although the augmented, fixed effect model controls for the general demand effects, it fails to control for demand for dollar loans. Due to local currency appreciation, or expectations thereof, expected costs of interest payments would differ for dollar and local currency loans, and therefore result in differing demand for the two types of credit lines. While this may not be a major factor in borrowing decisions, it is necessary to apply a robustness test to the Hong Kong, China sample to address this concern empirically. Since Hong Kong, China adopts a currency board whereby Hong Kong dollars are pegged to the US dollar, the sub-sample of Hong Kong, China rules out this concern and provides an even more accurate measurement of the bank lending channel.
Model Specification
We used an augmented, fixed effect model to address the identification problem. Specifically, we used × fixed effects to identify time-invariant (size, industry, and country) as well as time-varying (risks or investment opportunities), firm-level, fixed effects. Accordingly, we included in the model a set of indicator variables, ∑ ∑ , =1 =1
, denoting firm , ( = 1, … ) at year , ( = 1, … ) . The identification is that, for the same borrowing firm in the same year (demand effects are controlled), the difference in loan volume is attributable to the difference in loan sources (i.e., supply effects), proxied by currency denomination.
The structural-form loan equation is specified as follows:
where∆ � , , � is the growth of the loan volume (stock), denominated in currency c (US dollar or domestic currency), borrowed by firm at month . � , , −1 �is the loan volume lagged by 1 month to capture any persistence in borrowing behavior.
, is an indicator variable: 1 for US dollar-denominated loans and 0 for domestic currency loans.
is a quantitative easing program measured by the growth of the sum of US Treasury Securities and mortgage-backed securities held by the US Federal Reserve at month . The key variable of interest is the interaction term of , × , which captures the transmission of the US monetary shock (quantitative easing programs) to the Asian credit market, and therefore the bank lending channel. , , , a vector, contains loan purpose (= 1 if for financial asset purposes, = 0 otherwise) and a short-term loan (= 1 if shorter than 1 year, = 0 if longer than 1 year). Finally,
= × , ( = 1, … ; = 1, … ) identifies time-invariant and time-varying, firm-specific, fixed effects. 
DATA
The quantitative easing data series was generated by taking monthly sums of the US Federal Reserve's holdings of US Treasury Securities (all maturities) and mortgage-backed securities (all maturities) as reported in the Federal Reserve Economic Database.
The loan data were derived from the DealScan database. This global database, established in 1987, is known for its extensive coverage of the international commercial loan market, especially the syndicated loan market.
5 As the database contains information on individual new loan issuance, the loan data are measures of flow. However, as firms' borrowing decisions and the size of borrowing depend heavily on the outstanding loans on their balance sheet, we constructed stock data based on flow data using a method similar to that used by the Bank of International Settlements (2002).
The conversion was carried out as follows. First, we used 1990 as the base year because DealScan provides wide coverage of private loan issuance from the early 1990s in the Asian region, which is our focus. Second, using data on the loan amount for each deal and its maturity, we constructed the stock of loans for firms at each time point (month) by adding any new loan at that point to the remaining outstanding loan, if extant, after the monthly repayment. Third, without loss of generality, we assumed a zero interest rate and spread the monthly repayments equally to avoid calculation complications. 6 The remaining outstanding loan was therefore measured based on the volume of each new loan, the recorded commencement date and maturity of the loan contract, and the monthly repayment. For example, if firm makes a 1-year loan of $1.2 million from bank at month 0, then this becomes an outstanding loan of $1.1 million at month 1, $1.0 million at month 2, and finally $0 at month 12 when it is paid off. Finally, as DealScan identified the currency denomination for each deal, the constructed loan (stock)-integrating outstanding and new loans-were then summed up by firm, month, and currency denomination.
We selected 11 emerging Asian economies-the PRC; Hong Kong, China; India; Indonesia; Malaysia; the Philippines; Singapore; Taipei,China; Thailand; Korea; and Viet Nam. The borrowers are firms from these 11 economies, whereas lenders can be banks from these economies, as well as other regions in the world. This analysis covers the entire post-GFC period from November 2008 to December 2014 (data most recently available). Although it can be argued that it should cover a longer period to include the pre-GFC period, as it seeks to compare QEs and non-QEs, we focused on the post-GFC period to ensure overall comparability. The entire sample included 443,739 observations and spanned a period of 74 months for 6,959 companies in the 11 emerging Asian economies. A description and summary of the statistics of the variables are in Tables A1 and A2. For individual deals, DealScan provides detailed information on firm and loan characteristics. Table 1 breaks down the syndicated market by a range of categories over the period under study. Under the category of currency denomination, consistent with Figures 3, 4a , and 4b in the stylized facts, dollar loans dominate in the regional market. Among the emerging economies listed, Indonesia and Viet Nam borrow in the market entirely in dollars. Dollar credit accounts for the bulk of syndicated loans extended to all of the other economies, except for Singapore and Malaysia.
If we group borrowers into non-financial and financial firms, 7 consistent with Figures 5a and 5b, the volume channeled to non-financial firms outweighs that channeled to financial firms in all economies except the Philippines. In terms of loan purposes, loans used to finance general operational needs surpass those used for investment in financial assets or debt repayment. The exception is Hong Kong, China, which shows an equal split. Finally, regarding loan maturity, while medium-to long-term loans clearly lead in most countries, Thailand and Taipei,China show a significant share of short-term loans. Table 2 shows the average stock of syndicated loans over the three quantitative easing programs. Accelerated growth is observed. The average growth rate from QE1 to QE3 is four times higher than that from QE1 to QE2. A falling rate is shown for Korea due to policy intervention, as discussed in the section above. 
RESULTS
This study focuses on the spillover effect of the US qualitative easing programs on the emerging Asian credit market through the channel of cross-border lending. Column 1 in Table A3 shows the baseline results for the whole population. Our key results are measured by growth in federal assets and its interactions with the indicator variable of dollar credit, . The coefficient of and the coefficient of its interaction terms capture all of the effects, and the coefficient of its interaction terms identifies the effects of the bank lending channel (i.e., to what extent the shock is transmitted through banks). The results show that that the US large-scale asset purchase programs indeed boost the growth of cross-border loans to Asian borrowers. To be specific, every 1% increase in the Federal Reserve's balance sheet is associated with a 0.231% increase in total loans borrowed, on average. Of this, the bank lending channel accounts for half (0.102%), supporting the existence of a large, significant bank lending channel that propagates the easing of US financial conditions to the Asian credit market.
To obtain a better understanding of the scale through a rough estimation, the total five-fold increase in the Federal Reserve's balance sheet over the three quantitative easing periods implies a 100% increase in syndicated loans to Asia during this time, including both demand-and supply-side effects. Of this increase, 50% occurred through the supply-side, bank lending channel.
Apart from the key variables of interest, the coefficient of the initial level of outstanding loans is significant, and negatively associated with loan growth. This is as expected because firms with more debt obligations are less likely to have an appetite for new loans. In addition, growth in dollar credit is, on average, much higher (106%) than that of domestic currency credit. This is consistent with the stylized fact that the syndicated loan market represents a substantial portion of international banking activities in Asia, and that cross-border bank credit is predominantly denominated in foreign currencies, mainly dollar credit. Finally, in line with the stylized facts observed, the growth of short-term loans is significantly slower than that of medium-to long-term loans, and growth in loans for financial investment is significantly slower than that of medium-to long-term loans and physical investment loans.
Columns 2-7 in Table A3 test conditions for the bank lending channel and compare results between sub-samples. Columns 2 and 3 compare non-financial firms with financial firms as borrowers. Columns 4 and 5 compare samples by loan purposes: financing for future investment against financing financial assets or debt repayment. Columns 6 and 7 compare samples by loan maturity, that is, short-term loans versus longer term loans. In spite of variations in signs of coefficients associated with , a positive, strong bank lending channel is found in almost all sub-samples, except in loans for financial investment. However, this exception is largely due to the PRC sample. If the PRC is excluded from the sample, the bank lending channel exists, even in loans for financial investment (Table  A4 ). In comparison with non-bank lending effects, the bank lending channel plays a larger role in accelerating loans for financial investment and short-term loans in the periods, which raises concerns. Table A4 reports results for non-PRC emerging Asia, which could probably serve as the baseline result considering that the PRC is an outlier (Table A7 ). The PRC has unique macroeconomic conditions and a unique government stance on cross-border capital flows. Although it embarked on a series of initiatives to liberalize its capital account in early 2000, capital controls remain largely in the segment of bank flows. To the extent allowed by limits set by the Government of the PRC, cross-border interbank flows did accommodate PRC firms' demand for foreign currency loans (He and McCaulay 2013) . Nevertheless, the supply of domestic credit from domestic financial institutions in local currencies dominates the trend observed in its post-GFC credit market. The ratio of domestic credit to GDP increased from 97% in 2008 to 128% in 2013. This dominance is observable in the syndicated market for the PRC, as is clear from the stylized facts.
The sample of non-PRC emerging Asia confirms a larger bank lending channel in the total effects across samples compared to the emerging Asia sample that includes the PRC. Meanwhile, as expected, the results of the PRC sample suggest the absence of the bank lending channel, despite the fact that effects are large and positive, especially among non-financial firms and medium-to long-term loans (Table A5) . One interpretation of this set of results could be that, although the US unconventional monetary policy has led to an increase in syndicated loans to the PRC, they are mainly a result of demand effects in the expectation of the recovery of the US and global economies. Table A6 presents the results for the Hong Kong, China sub-sample as a robustness test to address the concern relating to heterogeneous demand for dollar versus local currency loans. We find that the bank lending channel exists in the Hong Kong, China sample, and at a larger scale in total effects, compared to the baseline results. Similarly, a larger role of bank lending in the transmission of quantitative easing shocks is found in short-term loans and financial investment loans. Table A7 lists results for all country sub-samples. Positive and significant bank lending is confirmed for all countries, except the PRC, for reasons previously explained. Among the other countries, the quantitative easing spillovers are purely supply-side driven in Korea, Malaysia, the Philippines, and Viet Nam, as quantitative easing programs significantly increased dollar credit-but not domestic currency loans-to these countries. In contrast, economies like Hong Kong, China; India; Indonesia; Singapore; Taipei,China; and Thailand all saw rising local currency loans over the quantitative easing periods.
Next, we examined individual quantitative easing periods for the sample of non-PRC emerging Asia (Table A8 ). The bank-lending channel (supply-effect) was nonexistent in QE1, but became visible after the second wave of quantitative easing and imposed a stronger effect during QE3. We then broke down the entire sample by borrower type to observe changes during the quantitative easing periods (Table A9 ). While the sample of non-financial firms showed the same pattern as the overall results, a noteworthy distinction for the financial firms is that the lending channel was weak or insignificant in QE1 and QE2, but became dominant in QE3. In other words, up to QE3, dollar lending increased quickly in contrast to a falling trend of loans extended by domestic financial institutions.
A similar contrast is observable with regard to investment purpose (Table A10 ). Loans channeled into the financial sector picked up speed during QE3, implying that supply-driven dollar credit spilled quickly into the financial sector at the end of the QEs. Finally, a further investigation into loan maturity suggests that short-term loans responded quickly and substantially in the initial programs, but became subdued when faced with the rise of longer term loans in subsequent quantitative easing periods (Table A11 ).
CONCLUSIONS AND POLICY IMPLICATIONS
We set out to examine the spillover effects of the US quantitative easing programs on the Asian credit market through cross-border bank lending. We employed firm-level loan data on the syndicated loan market and measured the bank lending channel through changes in US dollar loans extended to Asian borrowers in the market. After separating the demand-side effects by adopting an augmented, fixed effect model, we found that the growth of dollar credit increased in Asia in response to quantitative easing in the US financial market. The results confirmed the existence of the bank lending channel in Asia and emphasized that credit flows are important for transmitting financial conditions (International Monetary Fund 2010).
Moreover, this study provides new evidence of cross-border liquidity spillover through the syndicated loan market. We found that the overall effect of the bank lending channel in the syndicated loan market is, on average, large in Asia, irrespective of types of firms, financing purposes, and loan maturity. In the early stages of the quantitative easing programs, the lending channel existed for non-financial firms but not for financial firms, for financing physical investment but not for debt repayment. However, as the Federal Reserve's asset programs continued and intensified in 2013 and 2014, the lending channel began to facilitate quick credit flow into financial firms and the financing of assets.
The results also show that the early quantitative easing programs increased short-term loans substantially greater and faster than medium-to long-term loans. As loan syndication is typically used to finance large-scale, long-term projects, the result raises concern about term mismatch. With the US Federal Reserve's exit from quantitative easing programs and the dollar strengthening accordingly, the reversal of dollar credit is expected to increase the rollover costs of those short-term dollar debts or make refinancing impossible. Overall, debt burden will increase for existing borrowers, especially for firms that rely heavily on dollar credit in the market without properly hedging foreign exchange risks.
The bank lending channel reveals an unintended consequence of the pro-cyclicality of capital flows, magnified by monetary policy spillovers. Generally recommended policy responses include global regulation and globally coordinated monetary policies. Proper regulation of cross-border banking requires global regulatory coordination because multiple stakeholders, not a single authority, are involved. Likewise, globally coordinated monetary policies can help reduce negative externalities. Nonetheless, while these policy prescriptions are effective in principle, they are challenging to implement because regulation designs and monetary policies often prioritize domestic rather than global imperatives (Brunnermeier et al. 2012) .
While a number of encouraging initiatives on regional cooperation and safety nets have been put into place, concrete actions should follow policy dialogue and information exchange. Institutions such as the Association of Southeast Asian Nations plus the PRC, Japan, and Korea's Macroeconomic Research Office; Asia-Pacific Economic Cooperation forums; and regional financial safety nets such as the Chiang Mai Initiative Multilateralization Agreement could have an effect; however, this will not necessarily be large without a clear policy agenda and binding enforcement mechanisms.
Macro-prudential policies may have a straightforward effect in imposing targeted regulations on banks engaged in cross-border activities (Brunnermeier et al. 2012 ). In addition to traditional instruments such as caps on loan-to-value, debt-to-income, and non-core liabilities, counter-cyclical capital requirements should be carefully designed and properly put into effect. More importantly, constant efforts should be made to monitor and share information on global banks' balance sheet capacity to manage potential risks adequately in the cross-border credit market.
Finally, the development of financial markets, such as the derivative, stock, and bond markets, is an important long-term strategy. Given foreign currency exposure and its impact on balance sheets, derivative products will help manage exchange rate risks at the micro level, and foreign exchange swap lines managed by governments will be useful in times of crisis. While bank credit and the health of the banking industry is crucial in Asia, the development of the stock and corporate bond markets will provide valuable alternatives when banks are in trouble. Deepening financial markets in the region will help build a dynamic and robust financial sector, which is crucial for safeguarding regional financial stability. 
APPENDIX
